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Abstract 
A three-dimensional mathematical model of the working face in mine was set up by using computational fluid dynamics, and the 
moving and heat exchange of the multiphase flow in ventilation pipeline in mine was simulated. The distribution of the wall 
temperature was simplified, and the gas and grain are included in this paper. The coupling effect between the phases were 
considered in this model to reflect their relations. The changing of one phase according to the other one can be stated. The 
distribution of the temperature of the air without vapor and that of multiphase flow were compared. An effective tool for 
simulating the system of ventilation in mine and efficient running of it were stated. 
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With the increasing of the deepness, and the advancing of the mechanisation extent, there are more and more 
mines have the problem of high temperature and humidity, not only the miners’ health, but also the production 
efficiency are heavily affected by this problem. At present, it has become one of the serious disasters in coal 
mine—heat damage [1,2]. In recent years, with the appearance of high speed computer and efficient calculation 
method, it is feasible and meaningful to set up a multiphase and multi-dimensional ventilation model of mine to 
simulate the state of the air in working face and the two channels connact it and analyze  the coupling mechanism of 
the multiphase flow more accurately. Many achievements were gained by multiphase coupling model using 
computational fluid dynamics (CFD) technique [3,4], and much information is detailed descripted about mine, 
however, few information about mine model is presented in China. In  this paper, a  mathematical model considering 
the continuance phase (dry air in mine) and grain phase (vapor) was established, and the coupling process was 
studied, and some simulation has been done about the ventilation situation of mine in China. 
1. Mathematical model setting up 
According to the situation of the working face, a  three-dimensional model was set up. Multi-physical variables 
conservation of the air phase and the droplet phase in steady situation was considered. 
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 Nomenclature  
 
C       Coefficient 
D       Diameter  
f        The stress suffered from droplets 
F       Volume stress 
G       Generation of turbulence kinetic energy 
h        Heat  
k        Trubulence kinetic energy  
p        Pressure 
Pr       Prandtl number 
R        Additional RNG k ε−  model term 
Re       Relative reynold’s number 
S        Source term 
t        Time  
v        Velocity 
Y        Overall dissipation rate 
 
Greek symbols 
α       Inverse effective Prandtl numbers 
ρ       Density  
µ       Viscidity 
τ        Viscosity stress tensor 
 
Suffixes 
b        Buoyancy 
D        Droplet  
eff       Efficiency  
g        Liquid phase 
k        Trubulence kinetic energy  ,mean velocity gradients 
m        Mixture 
M        Fluctuating dilatation in compressible turbulence 
p        Grain phase 
ix       Cartesian coordinates in i-direction 
j
x       Cartesian coordinates in j-direction 
1.1. Basic equation 
Continuity equation:  
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Momentum equation: 
Liquid phase:  
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Grain phase:  
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Where 
gji
τ  and pjiτ  represent the viscosity stress tensor of liquid phase and the viscosity stress tensor of grain 
phase, 
g i
F  and 
pi
F  the volume stress of liquid phase and the volume stress of grain phase, f  the resistance 
which the grain inflicts the liquid, and the minus represents the stress direction is opposite to the stress which the 
liquid suffers. 
1.2. Turbulence model 
The turbulence viscosity of the gas  phase (continuance phase) is calculated by turbulence parameter model. The 
RNG k ε−  model [5] is used in this paper. 
Trubulence kinetic energy (k) equation: 
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Trubulence kinetic energy dissipation rate ( )ε  equation: 
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Where kα  and εα  represent the reciprocal of availability Prandtl number of k  and ε , which can be calculate 
as follows: 
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1.3. Momentum transfer between two phases 
Schiller and Naumann model are  used to calculate the drag stress  [6] between air phase and droplet phase, so the 
stress which the air suffered from droplets can be calculated as follows: 
Re
24
DCf =                                                                               (7) 
If Re 1000≤ , 0.68724(1 0.15Re ) /ReDC = + ; 
If Re 1000> , 0.44DC = . 
Where Re is the relative reynold’s number.  The relative reynold’s nu mber of liquid phase g and droplet phase p can 
be calculated as follows: 
Re g p g p
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1.4. Heat transfer between two phases 
Ranz-Marshall formulation[7, 8] is used to calculate the convection heat transfer coefficient between air phase 
and droplet phase. Consult the heat transfer theory between fluidized bed and wall[9, 10]: 
1 2 1 3[2.0 0.6Re Pr ]g
gp gp g
p
k
h
d
= +                                                                 (9) 
Where g  and p  represent the liquid phase and the gas phase, Re the relative Reynold’s number, DC  the drag 
stress coefficient, 
g
k  the heat transfer rate of the continuance phase, and 
p
d  the diameter of the doplet. 
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 1.5. Enactmenting of boundary conditions and characteristic parameters 
The calculating domain is shown in Fig.1.The lengths are 130, 180, and 210 m for the working face, railway 
channel, and transportation channel respectively. The wind speed of the entrance is 0.90 m/s, and the temperatures 
are 26.3? , 24.2-29.3? , and 28.2-31.4?  for the wind, the wall, and the water seeped, respectively. The pressure in 
the exit is 0.1095 MPa. The section area of the two channels is 4.2 m×2.8 m,and the section area of the working face 
is 7.0 m×2.8 m. 
Fig. 1. Temperature field calculation model of 9309 working face 
Air calculated in the model is treated as ideal-gas. The heat exchange rate of continuity phase is treated as 
constant. Thermal capacity, density and viscosity coefficient are calculated by temperature. 
2. Simulation result of and discussion 
The model was calculated by control volume method, and the continuity equations of gas  phase and grain phase 
were calculated by SIMPLE arithmetic [11]. FLUENT was used to simulate the model. Take No.2 coal mine in Ji 
Ning as an example, the temperature, the velocity, the pressure of air, the temperature of seeped water, and the 
temperature of wall are collected in the scene. 
Fig.2 and Fig.3 show the distribution of temperature in the working face, which is similar with that in the railway 
channel: both of them go up. The temperature field of vapor included multiphase flow is 1-2 K higher than that of 
dry air, the main reason is  the high temperature seeping water from wall exchange heat with the dry air. 
Fig.4 shows the temperature of vapor included multiphase flow goes down along the transportation channel, the 
temperature of air goes up while that of vapor goes down, obviously difference are shown. The main reason is the 
temperature of vapor included multiphase flow is higher than that of the wall rock ,the roof and the floor, so heat is 
transferred to the coal wall, meanwhile, the temperature of dry air is lower, heat is transferred to the air. It can be 
seen that it is important to analyze the temperature field of vapor included multiphase flow for ventilation cooling. 
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                         (a)                                                        (b)  
Fig. 2. The distribution of temperature along the 9309 railway channel (a) The distribution of vapor included multiphase flow temperature in 
railway channel; (b) The distribution of dry air temperature in railway channel 
                           (a)                                                       (b) 
Fig. 3. The distribution of temperature along the 9309 working face (a) The distribution of vapor included multiphase flow temperature in 
working face; (b) The distribution of dry air temperature in working face 
                             (a)                                                      (b)  
Fig. 4. The distribution of temperature along the 9309 transportation channel (a) The distribution of vapor included multiphase flow temperature 
in transportation channel; (b) The distribution of dry air temperature in transportation channel 
3. Conclusion 
A three-dimensional ventilation model considering two phases in mine was established. From the simulation, we 
conclude that the temperature field of grain and that of air coupled with each other heavily. After comparing the 
simulation results and the parameters measured in scene, it is drawn that the simulation reflects the ventilation state 
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preliminarily, and the information we got from this model is richer than the fromer. The model set up in the paper 
could simulate the process of ventilation in mine, and lay a sound foundation for investigating the moving process of 
the multiphase and the coupling mechanism of multiphase temperature field in mine more detailedly and precisely. 
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